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The initial  stages  of the  hydrolysis of gelatin  solutions by  either 
enzymes or acids are accompanied by a  very marked decrease in the 
viscosity of the solution.  In fact the viscosity may change 20 or 30 
per cent before any chemical change can be noted unless very sensi- 
tive  methods  such  as  conductivity are  used.  It  is  not  surprising, 
therefore, that the "liquefying" action of enzymes has been at times 
considered as purely physical and distinct  from their hydrolytic ac- 
tion.  As Waldschmidt-Leitz  (1)  has  emphasized,  however,  all  our 
knowledge of  protein  hydrolysis  goes  to  show  that  the  reaction is 
purely  chemical  and  consists  in  the  rupture  of  a  peptide  linking. 
Nevertheless,  it  would not be  expected  that  such  a  reaction  would 
cause any marked change in the viscosity, since viscosity, according 
to Einstein (2), is a  function merely of the volume of the solute, and 
two  srnall  molecules  should  occupy  nearly  the  same  volume  when 
separate  as  when they  are  combined.  In  many  cases,  such  as  the 
hydrolysis of sugar or of dipeptides or even of proteins having a low 
viscosity, this is true and the hydrolysis is accompanied by only slight 
changes in viscosity.  In the case of gelatin, however, the change in 
viscosity is relatively enormous and it is evident that there is some 
secondary mechanism by means of which a very small chemical change 
gives rise to a  very large physical one.  The explanation of the vis- 
cosity  of  gelatin  solutions  assumed  by  Loeb  (3)  and  extended  by 
Kunitz  (4)  furnishes  the  required  mechanism.  According  to  this 
hypothesis a gelatin  solution contains particles or micelles consisting 
probably  of  an  insoluble  material,  enclosing  and  surrounded  by  a 
solution of soluble  material.  At about  10 per cent total  concentra- 
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tion the concentration of the gelatin is the same insid  e and outside of 
the particles.  Below  10  per  cent the  gelatin  is  more concentrated 
inside than outside the micells.  When acid or alkali is added a Don- 
nan equilibrium is set up between these micells and  the surrounding 
solution and they swell, thereby increasing the viscosity of the solution. 
If salt is now added the Donnan effect is lessened, the micells shrink 
and the viscosity decreases.  The same effect could be obtained by 
adding to the solution some material which could not penetrate the 
micells.  When  the  total  concentration is 10 per cent or  higher the 
concentration of gelatin in  the micells is the same as that of the out- 
side solution and adding acid therefore has no effect.  Let us assume 
now that the action of enzymes or of acid destroys the micells either 
by hydrolyzing the insoluble network or the internal solute.  Both 
effects probably occur.  In either event the result will be a  marked 
decrease in the volume of the micells.  A very slight  chemical action 
will thereby cause a very large physical change.  Under certain con- 
ditions there will be a  further secondary effect.  If  the  micells  are 
swollen due to the presence of acid the material liberated from the 
destroyed micells  will  depress the swelling of the remaining intact 
ones just as would the addition of a salt,  It would be expected there- 
fore that the change in viscosity, or better, in the volume of solute, 
for a  given amount of chemical change should be greatest when the 
viscosity is due to swelling of the micells, as in acid, and should be 
less at the isoelectric point, or when salt had been added, or in con- 
centrated gelatin solutions. 
In order to test this assumption gelatin was hydrolyzed by pepsin 
and the increase in formol titration and decrease in viscosity deter- 
mined simultaneously. 
The gelatin was prepared as previously described (5).  The viscos- 
ity was determined by du Noiiy's (6)  torsion viscometer and the in- 
crease in the formol titration determined by the method described in 
a  preceding paper (7).  The experiments were carried out in a  con- 
stant temperature bath at 37°C. 
The results of the experiments are shown graphically in  Figs.  1,  2 
and 3, in which the decrease in viscosity has been plotted against the 
corresponding increase in formol titration.  Fig. 1 gives the result of 
an  experiment with  1 per  cent gelatin  at  various pH  values.  The JOHN  H.  NORTHROP  531 
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Fie. 1.  Decrease in viscosity of 1 per cent gelatin solutions at various pH values, 
as a function of the increase in formol titration. 
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TABLE  I. 
Per Cent Change  in Viscosity or Volume of Gelatin Solutions under Various Conditions 
Caused by 5 Per Cent Increase in Formol Titration. 
Concentration  of gelatin..  1 per cent  8.5 per cent 
pH ................. 
Salt concentration•.. 
Original  viscosity 
(H20  =  1.0) ...... 
Final viscosity  ....... 
Per cent decrease in 
viscosity actual .... 
(corrected  for 
H~O) ........... 
Original volume gela- 
tin cc. per 100 cc. 
solution ........... 
Final volume gelatin. 
Per cent decrease in 
volume•.. ....... 
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experiment shows that the greater the initial viscosity the greater the 
change in viscosity for a  given  chemical  change.  This  is in  accord 
with the mechanism outlined above since the more swollen the micells 
are,  the  greater  change in  volume and  hence in viscosity will occur 
when  a  micell  is  ruptured.  If the  results are expressed as per cent 
change in viscosity for a 5 per cent increase in formol titration (Table I) 
it  is  found  that  the  percentage  change  for  a  constant  chemical 
effect is also greater  the higher  the  viscosity.  This  is true whether 
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FIC. 2.  Decrease in viscosity of 1 per cent gelatin at pH 3.0 with increasing 
salt concentration, as a function of the increase in formol titration. 
the  actual  viscosity or  the  viscosity  corrected  for  that  of water  is 
used.  If, instead of the viscosity, the change in volume  according  to 
Kunitz's  (8)  equation  corresponding to this viscosity change is used, 
the result is the same except that  the percentage differences are not 
so  marked.  The  fact  that  the  percentage  change  in  viscosity  is 
greater the greater the  initial viscosity is due to the secondary effect 
mentioned  above.  If  the  action  consisted simply in  the  rupture  of 
the micells the percentage loss  of  volume of  the  micells  due  to  the 
rupture  of the same  number should be the same,  and  should be in- 
dependent of the  size of the micells.  This is not the case, since when JOHN H. NORTHROP  533 
the micells are swollen and the viscosity therefore high, as at pH 3.0, 
the change in viscosity is  greater for a 5 per cent increase in carboxyl 
groups  (formol titration)  than  at the isoelectric point where the mi- 
cells  are  less  swollen.  This effect is probably due, as stated above, 
to the influence of the material liberated by the rupture of a  micell on 
the  other  micells.  When  the  micelles are swollen due to a  Donnan 
equilibrium  the  presence  of  more  soluble  material  will  result  in 
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Fio. 3.  Decrease in viscosity of 8 per cent gelatin at various pH values, as a 
function of the increase in formol titration. 
a  decrease  in  the  osmotic  pressure  due  to  this  equilibrium  and the 
micells  will  therefore  shrink.  At the isoelectric point,  where there 
is no Donnan equilibrium and the micells  are  less swollen, the  mate- 
rial liberated from the ruptured  micells  will have little or no effect on 
the  intact  ones.  It  could also be assumed  that,  when  the  micells 
are  highly  swollen,  less  chemical  hydrolysis is necessary to  rupture 
them.  Probably both mechanisms are at work. 534  GELATIN  SOLUTIONS  DURING  HYDROLYSIS 
If the swelling of the micells at pH 3.0 is repressed by the addition 
of salt evidently the change in viscosity for the same percentage change 
in the number of carboxyl groups should be the same as at the isoelec- 
tric point, and this is the result as shown in Fig. 2 and Table I. 
At  a  concentration of  gelatin  of  about  8  per  cent  the  effect of 
adding acid on the viscosity practically disappears and this has been 
explained by Kunitz (4)  on the assumption that the concentration of 
gelatin is the same inside and outside  of  the  micells.  Under these 
conditions, therefore, the percentage decrease in volume of solute for 
an equal percentage increase in carboxyl groups (rupture of an equal 
per cent of the number of micells) should be the same at all pH and 
equal to the percentage change found in isoelectric gelatin.  This is 
the case,  as shown in Fig.  3  and the last three columns of Table I. 
It will be noted in the table that the change in the actual viscosity is 
greater in the concentrated gelatin than in the 1 per cent but that when 
the viscosity readings are transformed to volume changes this differ- 
ence disappears. 
SUMMARY. 
1.  The  change in  viscosity and the corresponding increase in  the 
carboxyl groups, as determined by the formol titration, has been de- 
termined in  gelatin  solutions  during  the  progress  of hydrolysis by 
pepsin. 
2.  Very marked changes in viscosity are found to result from very 
slight  chemical changes.  If the viscosity is increased by the addi- 
tion of acid a greater change in viscosity (volume of solute) is caused 
by the same percentage change in  the number of carboxyl groups. 
The percentage change in the  volume of solute, caused by the same 
percentage increase in the number of carboxyl groups, is independent 
of the concentration of gelatin. 
3.  These results are in agreement with the idea that the high vis- 
cosity of gelatin solutions is due to the presence  of  swollen  micetls, 
since a slight chemical hydrolysis may be sufficient to rupture a micella 
and so cause a very large change in viscosity. JOHN H.  NORTHROP  535 
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